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* NOTICES * 

JPO and INPIT ars not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated, 
3 An the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention} 
[0001] 

[Field of the InventionJThis invention relates to a lamination type piezo electric crystal ceramic 
device, especially the lamination type piezo electric crystal ceramic device obtained by really 
calcinating an Internal electrode and a piezo electric crystal ceramic layer. 
[00021 

[Description of the Prior ArtJConventionaHy, the piezo electric crystal ceramics which use lead 
zirconate titanate (hereafter referred to as PZT) as the main ingredients are widely known by 
the piezo electric crystal used: for an actuator, a. transformer, etc. 

There are some which lay an internal electrode underground in these piezo electric crystal 
ceramics, and are used as a lamination type piezo electric crystal ceramic device as that 
structure. 

(0003)As piezo electric crystal ceramics which use such PZT as the main ingredients, For a 
piezoelectric property improvement replace a part of Pb by Ob, Sr, and Ba, or. The compound 
perovskite type oxide of three component systems which become PbTiO^-PbZr0 3 -Pb 

(Co tp W 1/2 ) O s and PbTf0 3 -PbZr0 3 -Pb(Mg v3 Nb 2/3 ) 0 % is used weir Ag or an Ag-Pd alloy is 

used as an Internal electrode used when laminating the piezo electric crystal ceramics which 
use PZT as the main ingredients. 

{0OO4jiri- generally producing the above-mentioned lamination type piezo electric crystal 
ceramic device, the slurry obtained by mixing the charge of a piezo electric crystal ceramic 
material and binder which consist of temporary-quenching powder first is fabricated to a sheet 
shaped, and it is considered as a green sheet Next, after printing an internal electrode paste 
so that it may become a desired pattern, and sticking these by pressure on this green sheet, 
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the method of really calcinating a green sheet and an internal electrode paste is taken. 

mi 

fProfolem(s) to be Solved by the \ n vention}H owe ver, when the charge of a piezo electric crystal 
ceramic material and the interna! electrode were made to really calcinate as mentioned above 
and the lamination type pie^o electric crystal ceramic device was obtained, there was a 
problem that especially the mechanical quality factor Qm changed with the differences among 
laminated structures, such as a number of layers of a layered product and thickness per layer, 
fOOOBJEven if the purpose of this invention has a difference in laminated structures, such as a 
number of layers of a layered product and thickness per layer, there is in providing the 
lamination type pieao electric crystal ceramic device which can control change of the 
mechanical quality factor Qm. 
100073 

[Means for Solving the ProblemJThis invention Is made in view of the above purposes. A 
lamination type piezo electric crystal ceramic device of an invention of this application 1st, Pb 
element which is a lamination type piezo electric crystal cerarmc device which comes to 
laminate a piezo electric crystal ceramic layer and an internal electrode layer, and said piezo 
electric crystal ceramic layer has a Perovskcte type crystal structure expressed with ABCXj, and 

contains to A site, Zr element and Ti elements which are contained to B site, and Cr elements 
as a trivalent element contained to 8 site, Among Na as a monad of A site, and K f among Ca 
as dyad of at least one sort and A site, Bb, and Sr At least one sort. Among La as a trivalent 
element of A site, Nd, and Bl, at least one sort. Among Sn as tetrad of B site, Nb as pentad of 
B site, 3b, and Ta< at least one sort/ And in [ consist of piezo electric crystal ceramics 
containing at least one sort of elements chosen from W as a hexad of B site, and 1 said piezo 
electric crystal ceramics , It Is zeta~f{/\,. 4 - A^ )+{(2xB 6 ) *B-B^}J xe (C) about a gap of an electric 

charge to an equilibrium situation when A site is made divalent and B site is made into 
tetravalence. 

however, a time of setting a totaJ of B site elements to 1 - A f : ~ the total mole ratio of a monad 

of said A site. The total mole ratio of a thvaieni element of an A^:aforernentioned A site, 8 " 

■■■■■■■■ 

The total mole ratio of a trivalent element of said B site, The total mote ratio of pentad of a 
B g : aforementioned B site, 8^: When it Is defined as the total mole ratio of a hex ad of said 8 

site, and e: el ementary charge (1 .80x1 0 (C)}, zeta/e is characterized by being 
0.01 7<»zeta/e<=0.Q2«. 

[OOOBlEven If a laminated structure has a difference by using the above presentations, a rate 

of change of the mechanical quality factor Qm can be controlled within 35%. 

[0009JA lamination type piezo electric crystal ceramic device of an invention of this application 
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2nd is charaetenzed by zeta/e In a lamination type piezo electne crystal ceramic device of the 
1st invention being 0.021 <»-zeta/e<~ 0.028, 

[OGIOpven if a laminated structure has a difference by using the above presentations, a rate 
of change of the mechanical quality factor Qm can be control led within 25 mme%, 
|001i]A lamination type plezo electric crystal ceramic device of an Invention of this application 
3rd , It is a lamination type piezo electric crystal ceramic device which comes to laminate a 
piezo electric crystal ceramic layer and an internal electrode layer, Pb element which said 
piezo electric crystal ceramic layer has a Perovskite type crystal structure expressed with 
ABG ?V and contains to A site, Among Co as Zr element and Ti elements which are contained: 

to B site, and dyad contained to B site, nickel, and Mg, at least one sort of elements, Among 
Na as a monad of A site, and K, among Ca as dyad of at least one sort and A site, Ba, and Sr 
At least one sort, Among La as a trwalent element of A site, Nd, and Bi, at least one sort, 
Among So as tetrad of B site, Nb as pentad of B site, Sb, and Ta, at least one sort, and VV as a 
hexad of 8 site and ************ _ it consisting of one sort of elements, and piezo electric crystal 
ceramics to contain, even if small, and in sad piezo electric crystal ceramics, It is zeta-[(A - 

A^.)+{<2xB 6 > +B g - (2xB 0 )}] xe (C) about a gap of an electric charge to an equilibrium situation 

when A site is made divalent and B site is made into iefra valence. 

however, a time of setting a total of B site elements to 1 - A 1 : - the total mole ratio of a monad 

of said A site. The total mole ratio of a trivaleni element of an A r aforementioned A site, B^ ; 

the total mole ratio of dyad of said B site, The total mole ratio of pentad of a 

B,. aforementioned B site, B & : When it is defined as the total mole ratio of a hexad of said B 

site, and e:elementary charge (1 .80x1 0' 19 (Q) t zeta/e is characterized by being 
0.008<=zeta/e<=0.017. 

{0O12]Even if a laminated structure has a difference by using the above presentations, a rate 
of change of the mechanical quality factor Qm can be controlled within 35%. 
|0013]A lamination type piezo electric crystal ceramic device of an invention of this application 
4th is characterized by zeta/e in a lamination type piezo electric crystal ceramic device of the 
3rd invention being 0,01 2<^zeta/e<=0 01 T. 

I0014]Even if a laminated structure has a difference by using the above presentations, a rate 

of change of the mechanical quality factor Qm can he controlled within 25 more%. 

10015] 

[Embodiment of the lnvention]Hereafter, the lamination type piezo electric crystal ceramic 
device of this invention is explained, This invention is characterized by a lamination type piezo 
electric crystal ceramic device comprising the following. 
Piezo electric crystal ceramic layer. 
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Internal electrode layer. 
Exterior electrodes. 

The internal electrode layer is laid under the piezo electric crvstaf ceramic layer, and is pulled 
out by the side or the end face of the lamination type piezo electric crystal ceramic device. The 
internal electrode connected to different polarity may be pulled out to a field different 
respectively, and it may pull out on the same field, in the case of the latter, exterior electrodes 
will be formed so that it may become Independent electrically on [ two } the same side. Exterior 
electrodes are formed in the end face thru/or the side of a lamination type piezo electric crystal 
ceramic device ; and are electrically connected with the internal electrode. The shape and the 
formation position of exterior electrodes should just be determined according to the mounting 
configuration of the electronic parts, and are not limited in particular. 
fOGISJThe piezo electric crystal ceramics which constitute the piezo electric crystal ceramic 
layer in the lamination type piezo electric crystal ceramic device of this invention are using 
PbTiQ^PbZrO^ as the main ingredients, and have a Perovskite type crystal structure, 

Although A/8 cannot be limited to 1 which is a stoichiometric ratio and H can he made to 
change suitably if needed, being referred to as 0.97-1 .03 is preferred. Among these, the 
element chosen from Na as a monad, K. La as a trivaient element, Hd ( and Bi may replace Pb 
which hits A site. 

[00 1 ?12r and Ti which hit B site are replaced by the element of Cr as Co, nickel, Mg, or the 
trivaient element as dyad, and also Sn as tetrad, Nb as pentad, Sb, Ta, and the element 
chosen from W as a hexad may replace them. However, in order to suppress the rate of 
change of the mechanical quality factor (Qm) by the difference in a laminated structure to 35% 
or less, when It replaces including Cr as a trivaient element, When A site is replaced including 
Co as dyad, nickel, and Mg so that zeta/e when divalent and B site are considered as 
ietra valence may be set to 0.01 7-0.028, A site must be replaced so that zeta/e when divalent 
and B site are considered as tetravalence may be set to 0- 008-0.017, When it is in a 
mentioned range and Sb is not included as pentad of B site, the rate of change of the above- 
mentioned mechanical quality factor (Qrn) can stop even to 25%. 

[0018jWhen zeta/e is in the range of 0,021-0.028 in the former and zeta/e is in the range of 
0.012-0.017 in the fatter, Though Sb is included as pentad of a metaphor B site, the rate of 
change of the -.me<^ahte# ■■quality factor (Qm) by the difference m a laminated structure is 
suppressed to 25% or less, and is still more preferred- The gap zeta of an electric charge here 
refers to a gap of the electric charge between the above-mentioned element groups, and an 
equilibrium situation refers to the state of the gap zeta- 0 of this electric change. That is, 
though elements other than the above-mentioned element group were added, since It is not 
directly related to the effect of this invention, no elements other than the above-mentioned 
element group shall be considered as an element which has on the gap zeta of an electric 
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charge. 

[00 19]Although elements, such as Mn and Fe s are generally added by piezo electric crystal 
ceramics or inevitable impurities, such as Si, aluminum, and CI, are contained m them, these 
elements may be contained to such an extent thai it does not have an adverse effect on 
piezoelectric properly , such as an electromechanical coupling coefficient The internal 
electrode composing element which really diffused the inevitable impurity here in the piezo 
electric crystal ceramic layer by calcination, and its content point out the element below 200 
ppm of the whole piezoelectric ceramic, 

[0020]The internal electrode layer in the lamination type piezo electric crystal ceramic device of 
this invention is laid underground between piezo electric crystal ceramic layers; and it comes 
to sinter it with piezo electric crystal ceramics In one. As for the presentation, Ag t Pd, PL an 
Ag~Pd alloy, Ag-Pt all ay, etc, are mentioned. Since the melting point of Ag is as low as about 
060 **, depending on the presentation of ceramics, the direction of the sintering temperature of 
ceramics will become high. Therefore, it is preferred to use an Ag~Pd alloy with the higher 
melting point 
[0021] 

[Example! Hereafter, the lamination type piezo electric crystal ceramic device and lamination 
type piezo electric crystal ceramic electronic component of this invention are explained still 
more concretely, 

(Example 1) The following were first pwpare4 as a starting material. 

(1) PbO, ZrO r TI0 9 (main ingredients) 

(2) Na^G, K 2 0 {compound of the monad included in A site) 

(3) CaC0 3 , BaC0 3< SrC0 3 (compound of the dyad included in A site} 

(4) ta~€L, Nd„CL, 8LCX (compound of the tr ival en t element included in A site) 

(5) Cr 2 0 3 (compound of the trivalent element included in B site) 

(6) Sn0 2 (compound of the tetrad included in B site) 

(7) Nb 9 D 5? Sb^Og, Ta 2 0 5 (compound of the pentad included in 8 site) 

(8) W0 3 (compound of the hexad included in B site) 

As these were shown in Tables 1*4 in general formula (I), weighing of each starting material 
was carried out, and it was considered as piezo electric crystal material 
(Pb v aipha w ) O s (Zr Ji y beta z ) (I) 

(Elements other than elements other than Pb by which alpha goes into A site, Zr by which beta 
goes into 8 site, and Tl x+y*2~1) 

After adding pure water and carrying out wet blending wit a ball mill about each piezo electric 
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crystal material, it was made to dry and dry and was considered as powder mixture. 
[DD22]Next J! temporary quenching of the obtained powder mixture was carried out at 800-1 000 
**, and temporary-quenching powder was obtained, After having added a binder, a dispersing 
agent, a surface-active agent, a defoaming agent, pure water, etc, to the obtained temporary- 
quenching powder, mixing and considering it as slurry form, it was considered as the green 
sheet wit h the doctor blade method . 

[0023Jthe obtained green sheet- an interna! electrode - public funds - what was screen- 
stenciled so that it might become a pattern of a request of the internal electrode paste which 
contains the Ag-Pd alloy of Ag:Pd~?G:3D as group powder was accumulated and stuck by 
pressure, and it was considered as the layered product, Two kinds, what was made into the 
internal electrode of three layers and the distance between internal electrodes of 180 
micrometers (layered product 1), and the thing (layered product 2) made into internal electrode 
two-layer and 370 micrometers of inter electrode distances, were produced. Next, the obtained 
layered product was calcinated at 1080-1200 **, and the sintered compact was obtained. After 
grinding the both principal planes of this sintered compact and forming an electrode, the poling 
process was performed in 60-150 ** insulation oil Then, 1 50-280 ** heat treatment was added, 
It cut so that the bottom might serve as a square which are 15 mm x 15 mm, and it was 
considered as the lamination type piezo electric crystal ceramic device. The gap zeta of the 
electric charge in each sample was computed by the following formulas, and zeta/e was shown 
in Tables t and 2. 

zeta * [(A 3 ~A,) + «2xB & ) *B^l ™ <C) 

When the total of B site elements is sot to 1 . Mole-ratio [ of the hexad of the total mote-ratio 
B' 6 :8 site of the pentad of the total mole-ratio B g :B site of the trivatent element of the total 

mole-ratio B 3 :8 site of the trivalent element of the total mole-ratio A 3 :A site of the monad of an 
A r A site / total ] e: Elementary charge (1 .80x1 0" 19 (C)) 

The mechanical quality factor Qm of the lamination type pfezo electric crystal ceramic device 
produced by performing It above was measured with the impedance analyzer, the mechanical 
quality factor Qm of the layered product 1 and the layered product 2 was compared » and the 
rate of change (%) was computed. The rate of change of the mechanical quality factor Qm was 
computed based on the following formulas. 
[0024J 
[Formula 1 1 

{0025JThe result is shown in Tables 3 and 4. 
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[0026] 
[Table ij 
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100275 
{Table 2] 
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[0030JAs shown in Tables 1-4, it turns out thai tfi© rat© of change of the meohantealquaHly 
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factor [ thai / to which the lamination type piezo electric crystal ceramic device produced using 
the above-mentioned element has zela/e in the range of 0.017-0,028 regardless of the 
combination and composition ratio ) Qm between two kinds of layered products is less than 
35%. 

|0031 Jit turns out that the rate of change of the above-mentioned mechanical quality factor Qm 
has satisfied 25% or Jess further what has zeta/e in the range of 0.021-0.028. 
{0032|Dn the other hand, since the rate of change of the mechanical quality factor Qm 
between two kinds of layered products becomes larger than 35% like the sample numbers 1 , 
6', and 20 when zeta/e is smaller than 0.017 (i.e., when the gap of an electric charge to an 
equilibrium situation is too small), it is not desirable. Like the sample numbers 5, 10, and 25, 
when zeta/e is larger than 0,028 (re,, when the gap of an electric charge to an equilibrium 
situation is too large), since it becomes difficult to sinter the piezo electric crystal ceramics 
themselves, it is not desirable. 

[0033jAlthougn it is within the tails of this Invention, about the sample numbers 2 t 7, and 21 
from which zeta/e has separated from the range of 0.021-0.028, the sample number 2 which 
does not contain 3 b is removed and the rate of change of the mechanical quality factor Qm 
between two kinds of layered products is larger than 25%, 
(Example 2) The following were first prepared as a starting material. 

(1) PfoO, 2K> 2 , TiOg (main ingredients) 

(2) Na~0> ICO (compound of the monad included in A site) 

(3) CaCO.,, 8aC0 3 , SrCCX. (compound of the dyad included in A site) 

(4) La,0 3 , Nd 2 0 3 . Bi 0 G> 3 (compound of the trivaient element inciuded in A site) 

(5) CoCO^ NiO, Mg(OH) 2 (compound of the dyad included in B site) 
(8) Sn0 2 (compound of the tetrad included in 8 site) 

(7) Nb 2 O g , Sb 2 Q v Ta,p 5 (compound of the pentad Included in B site) 
(S) W0 3 (compound of the hexad included in 8 site) 

Hereafter, two kinds of lamination type piezo electric crystal ceramic devices were obtained 
like Example 1 . The gap zefa of the electric charge in each sample was computed using the 
following formulas, and zetaie was shown in Tables 5 and 6. 
zete* [(A 3 ^A 1 ) * {(2xB 6 ) +B 6 - (2x8 2 )}] xe (C) 

When the total of B site elements is set to 1 , Mole-ratio [ of tne hexad of the total mole-ratio 
B 6 .B site of the pentad of the total mole-ratio B g ;S site of the dyad of the total mole-ratio B^;B 

site of the thvaienf element of the total mole-ratio A-A site of the monad of an A <| :A site / total J 
e: Elementary charge (1.80x1 0" 1 ^ (C)) 
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Next, the acquired rate of change of the mechanical quality factor Qm of a lamination type 
piezo electric crystal ceramic device and the mechanical quality factor Qm was measured and 
computed like Example 1 , The result Is shown in Tables 7 and 8. 
[0034] 
jTable 5] 



hti:p;//\vww4ipdi-iftpitgojp% 2/23/2010 



JP,20Q3-2<HS74,A [DETAILED DESCRJFTIOH] 



Page 14 of 19 





1 

p 


1 


<2 
o 
d 


o 
o 


.r4 
«..• 
o 


o 
d 


§ 


M 
o 


o 


:o 


o 
o 


o 


■P5 

o 


CO 


o 


CO 

■ :. : 


o 


<£ 


5^5 
O 


§ 

o 




o 


sn 


o 

o 


c3 
o 


M 

y 

% 


m 

i 

•S3* 

& 
IS 


J 

X 




| 


1 


1 


j 


j 










^> 
O 












j 


CO 

«? 


\ 


?o 
CO 


j 


j 








J 






I 


i 






ro 

o 


& 






<r> 
go 


>: 


C--4 


CVS 








J 


■JZ: 


| 


1; 


1 




f 




1 




i 






i 


; i 


00 

•o 


o 


u 


o 


CO 

o 












'1: 


! 






iO 

°? 

CO 


CO 
i<i 


tr; 

CO 


CO 


CO 
CO 


«o 




% 


co 
<o 


*o 

CO 


CO 

c ! 


cn 
eo 
c4 




f^< 

0D 

O 


• 

o 


o 


o 




m 


: : 


«— J 






5 


i 




i 


I 


i 


i 


| 




IS> 


\i 


j 


| 


j 


1 




} 












; 




| 




i 


i 


I 


1 


j 










U 


\ 




j 




j 


i 


! 














! 


} 




L 


I 


\ 


:j 


[ 




j 






:s 


\ 


i 




1 


} 


















V 




i 


r 






s 






: i 


{ 


1 




i 


i 




} 


i 






i 


A 


i 


i 


i 




i : 


\ 






I 


I 


j 


i 






\ 


I 


o 

U 


r~ 
*R 


& 


| 


CO 

<s» 


O 








53 
o& 


o 




s 




o 


s 


o 




o 


o 




in 
- 


UO 

o 




CO 

o 


CO 

CP 
o 


w 


o 
$ 


o 




O 
^ 


o 


o 






CJ 
OS 


c> 


o 


o 






•«* 


.-. - 






<z> 


# 




o 


o 


s ; 




X k 


o 
*d 


<X3 
3g 


?£> 


cd 
r* 1 


o 




CSS 


o 
r ; 




iiO 








«e 








i 


to 
•*£ 










CO 


o 


I 

< 


m gl 




O 


O 
o 


o 

§ 


o 

O 

o 


o 


1 


o 


o 
c> 


I 


-o 

s 


8 


o 

8 


1 


o 
§ 


O 
1 


1 


i 


1 


1 


S 


o 

§ 




o 

5 


o 

I 




M 

X 






1 


1 


I 


! 






i 






j 


i: 


j 


i 








1 


1 


j 






j 


i 




I 


j j 


1 


| 


1 


; 




j 








1 


. i; 


! 


1 




| 


■■V: 






{ 






i 


1 






| i 


j 








i 




j 




} 




j 


1 


-I 






| 




i \ 


j 






1 


j 






i 


{ 


j 




| 








s 


{ 












| 




] 


j 








1 






eg 


1 




1 




:{ 




1 


j 


I 




1 


i 


1 


I 




I 


j 


! 


i 


i 






i 






M 

U 




i 


1 


f 


.| 


1 ■■: 


1 


I 




i 




I i 


\ : 


: I 






} ; 


I 


; \ 










i 






!r 


J 


t 


I 


1 


i 


? 




I; 


\ 1 




i i ; 


1 


! 


y 




1 


5 


; { 


!| 


I 




? 


! 






! 


i 


i 


i 


r 


I 


i : 


\ 


1 


\ 


j 




I 


! : !' : 




1 


1 


! 




: 




! 


1 


\ 






o 


o 
o 
o 


o 


o 

o. 


o 

1 


1 


o 

1 


s 


s 


o 


O 

8 


o 


o 
o 


o 
o 


o 


o 

g 


55 


o 

g 


§ 


o 
o 




O 
1 


O 


o 


o 










0>8 

SO 








































C>i 




IS | 


1 






55t 


CO 




m 






«> 








* 









5^ 



hltp://www4.ipdlkpitgojp^ 



2/23/2010 



JP,20G3-201 174,A [DETAILED DESCRIPTION] Pagc L5 of l9 



[0035] 
[Table 6} 



http://www^ 2/23/2010 



JP,2003-20J 174, A [DETAILED DESCRIPTION] 



i. <s> 


O 

o 


?o 
o 
p 


CO 

o 
o 


so 
p 


<o 
p 
o 


o* 
p 
o 


o 
o 


CSS 

p 
o 


o 
o 


o 
o 


C.'--i 

d 


o 


C--5 
O 

:p 


5NJ 

o 


-co 
p 

jo 


d 


SO 

o 
o 


o 
d 


o 

£> 


o 
s> 


sT5 

o 


so 
o 
o 


5*s 
o 
<s> 


so 
o 
O 


fO 

o 


so 

o 


I 

CO 


f 

: ' £ : 
CO 

CM 


J 
X 








I 




1 


1 


I 


\ 


1 


} 


{ 








: f 


| 


; 1 


| 




{ 




: } 


i 




I 


I 




If} 


! 








1 


] 


i 


j 


j 


V 




■ > 


? 


j 


i 


1 


■J 


i 






\ 


i 




i 


\ 




i 


I 


{ 


S 




I 


1 


j 


j 


1 


f 


}. 


! 


1 


| 


! 


1 


{ 


i 






I 


: i 


1 


l: 


i 


vO 




j 


<o 

tO 


iO 
c-< 


<o 
co 

d 


CO 
CO 
£0 


CO 






(Si 


ro 
■.-.> 


H 


CO 
WO 




CO 

to 


to 

0-3 


■•y; 

<:o 


fO 

ro 
eo 


CO 
'A 


CO 

w 


d 


:n 
SO 
CO 


;co 


C*3- 
JO 
CO 


•;o 

CO 


CO: 
ffO 
CO 










i 
















} 


1 


f 


| 




i 








| 


g 




I 


i : . 


[ 


o 
















I 


1 






I 




| 


{ 


j 






; 


1 


i i 


! ! 


I 


] 


[ 




is* 
S 




[ 




z 


P. 

d 


j 


j 


1 


] 


| 


1 


I 


I 


\ 


| 


j 


i 


] 


i 


I 


i 




1 


} 


I 






h 


1 






O 




\ 


I 


,'i 


i 


. j: 


Ij 




■i 


\ 


! 


{ 


i 




; } 


M 


I 


r 


1 


s 


\ ; 


g 


1 


! 


i 


tO 

io 
o 


;o. 
c ; 


o 




c4 


ICS 


to 


If? 


d 


CO 

o 


to 






s 


p 


p 


XT 

p 






p 


p 


•xS- 

p- 


o ^ 

5 




o 

d 


0> 

*F 


Si 


O 


© 

d 


o 


o 


o 




o 
ai 
■«?« 


O 


d 


o 
o> 


o 


o> 


d 


p 


:p 
d 


O 

•d 
^ 


d 


cr- 

d 
*~ 


o 


p 
d 


p 


p 

to 


S 8 


CO 


?o 
ac 


co 

■Zi 

v& 








CO 


«5 






t 




P 


i 


5 










<o 


d 


to 

35 


d 

d; 


<d 


SO 


d* 


V 

d- 
K 


* gl 


o 
o 

<p 


o 


o 

8 


| 


1 


I 


o 

§ 


§ 


o 

I 


o- 
o 


o 
I 


o 

s 


I 


o 

g 


d 

2 


o 
1 


o 

1 


I 


g 




o 

s 


o 


o 


I 


I 


o 
1 


| 
I 

§ 


o 
S 

X 


so 


i 


! 


■ 


\ 




o 
d 


o 
o 


^ 

o 


I 


o 


i 


t 


r 




j 


I 


i 

d 




i 




j 






1 






••^ 
2: 


1 


f 




\ 




o 




o 
o 




■rc- 
d 




i 






1 


o 
to 
o 












\ 




\ 






~5 




I 




j 








§ 


g 




..... 








o 
d 






1 








i 




1 






«-* 

CO 


{ 


| 




| 






} 


} 


j 


j 




j 






j | 






s~ 
C£J 
O 


j 






; S 




j 






sti 

ao 


j 


I 






\^ 




I 


! 


} 




i 


j 


• 


9 


\ \ 






^- 

d 


{ 


o 
p- 


1 






i 






»S 

.9 


1 


\ I 




: r 




\ 




: 1 


! } 


i 


I 


1 


i 


: j: 


I 






d 




j 


j: 


1 




i 


j 






1 


! 


,, 


i i 


1 


o 


% 


o 
c~* 


o 
o 


i 


1 


o 


f; 


o 
d 


\ 




1 




;1 


i 


:l 


1 




\i 








i 










o 
o 


o 
o 


! 


o 


i 


o 




O 






\ l 




{ 


; ^ 










\ 


1 


1 




o 

i 


o 
§ 


O 


o 
1 


o 
o 

p 


i 


o 


o 

M 


o 
c- 


o> 


p 




in 

;d 




■d 

a> 
ai 


$o 

cd 
a> 




o 


O 

m 


o 

% 


o 


O 

8 


o 

i 


o 
o 


o 

1 


o 

1 






i 


to 




















:r.; 








2? 


m 






i 












St 








*~ 






SO 


30 


a;-. 


QD 




>3C« 




i3£> 























9 



hnp;//www4.ipdi.ir)pit.gojp/cgi-bin/tjaiv w€b..cgi c^je?atw u-bttp%3A%2F%2Fwww4. 



JP ? 2093-2O! 174, A [DETAILED DESCRIPTION] 



Page 17 of! 9 



[00361 



Table 7} 













<Q)av 


sew 




nw 






38 ■ ' 


*50 


2120 


2: 




u m 


26 


Si 


1140 


11 




■ 115 


11 ' : 


52 


1260 


ISO 




, ¥ 


8*53 


USD 






. 




m4 




rs3 












ip 


33 ; 






: m 




24 


5? 


i m 


228 


. . 2 24 


32 




im 










55 






J'fs 


*> . . 


,60 „ 


;,„M,: 




244 


H 




im : 


183 


165 


at 


62 


im 


HI 


225 


13 


! 83 


im 


1.65 


142 


16 


64 




ITS ' 


~5| 










24? 


26 




Uja... 


147 , 


129 


' 14 


67 


U20 


266 


239 


28 


m 


MOO 


631 


. 4ST 






1100 


S85 




28 


?Q 




^ 2m 


m.. 


T§ 


It 


1130 , 


154 


; 135 


: 14 . "■: 


72 


1140 


220 


220 






■ I ISO 








... ^ 


mmm 


mmr 



[Table |J 







&%■ 


to 


m 


Qffi 




U ? 




mk 


. *33 




'?5 $ 


2200 


m 






?5 ' 


noo 


30$ . 


. 234 : 


.... 18 


77 


1120 


\M 


113 


20 


78 


2140 


206 


167 


11 




1140 


231 


f 1&6 


28 : 


mo 








"WW 








165 


25 




2220 


216 


186 


17 




im , 




123 




* 


1220 


in 


,1m.... 


HI- 




1120 


m 


145 




68 


2220 


5SS 


266 




P 


1120 


23? '' 


21.5 


10 


88 


2220 


1 206 








1 120 


... 226 




16 


90 


■ -am- 




<M 


r 203 


17 


91 


1240 




,62 


m 


25 


92 


1120 




: SB _ 


» 165 




!_ 


2220 








r~ 24 


9-1 


1220 




64 


244 




w» 


1120 




175 J 


156 


HH 


06 


i 2220 1 














00 








xi 


w 










126 


12 








: 213 






■ * 


wmm 





http://www44pdl.itiipit«go 2/23/2010 



JP,2003-2G U 74,A [DETAILED DESCRIPTION] 



Page I t of 19 



[0038]As shown in Tables 5-8, if turns out that the rate of change of the mechanical quality 
factor f that / to which the lamination type piezo electric crystal ceramic device produced using 
the above-mentioned element has zeta/e in the range of 0.008-0. 01? regardless of the 
combination and composition ratio ] Qm between two kinds of layered products is less than 
35%. 

[0039}i£ turns out that the rate of change of the mechanical quality factor Qrn has satisfied 25% 
or less further what has zeta/e in the range of 0,01 2-0.017. 

[0040JOn the other hand, since the rale of change of the mechanical quality factor Qm 
between two kinds of layered products becomes larger than 35% like the sample numbers 49, 
54, and 68 when zeta/e is smaller than 0.012 (i.e., when the gap of an electric charge to an 
equilibrium situation too small), it is not desirable. Like the sample numbers 53, 58, 73, and 
80, when zeia/e is larger than 0.017 (i.e., when the gap of an electric charge to an equilibrium 
situation is too large), since it becomes difficult to sinter the piezo electric crystal ceramics 
themselves, it is not desirable. 

[0041 ] Although it is within the limits of this Invention, about the sample numbers 50, 55, and 69 
from which it has separated from the range of claim 4. the sample number 50 which does not 
contain So is removed and the rate of change of the mechanical quality factor Qm between 
two kinds of layered products is larger than 25%. 
[0042] 

[Effect of the InventionJWhen a gap of the electric charge which the lamination type piezo 
electric crystal ceramic device of this invention contains Or elements to the piezo electric 
crystal ceramics which constitute a piezo electric crystal ceramec layer, and the piezo electric 
crystal ceramic layer has is set to zeia, Since it is the presentation which shifted zeta/e from 
the equilibrium situation to the 0.01 7 to 0,028-minute donor side, the rate of change of the 
mechanical quality factor Qm by the difference in a laminated structure ismade to 35% or less, 

[0043]The rate of change of the mechanical quality factor Qm by the difference in a laminated 
structure is made to 25% or less by considering it as the presentation which shifted above- 
mentioned zeta/e from the equilibrium situation to the 0.021 to 0.028--minute donor side, 
[0044]The lamination type piezo electric crystal ceramic device of this invention. When a gap 
of the s\m&\c charge which contains at least one sort of elements among Co, nickel, or Mg to 
the piezo electric crystal ceramics which constitute a piezo electric crystal ceramic layer, and 
the piezo electric crystal ceramic layer has is set to zeta, Since zeta/e serves as a presentation 
shifted to the 0.008 to 0.01 7-minute donor side from the equilibrium situation, the rate of 
change of the mechanical quality factor Om by the difference in a laminated structure is made 
to 35% or less. 
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[0045jThe rate of change of the mechanical quality factor Qm by the difference in a laminated 
structure is made to 25% or less by considering it as the presentation which shifted above- 
mentioned zeta/e torn the equilibrium situation to the 0.012 to 0,01 7-minute donor sida. 



[Translation done.) 
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